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OPTIMAL HIDING FOR DEFECTIVE 
SUBPIXELS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

Not applicable. 

BACKGROUND OF THE INVENTION 

The present invention relates to techniques for the modi? 
cation of sub-pixels. 

The most commonly used method for displaying images on 
a color mosaic display is to pre-?lter and re-sample the pixels 
of the image to the display. In the process, the R, G, B values 
of selected color pixels are mapped to the separate R, G, B 
elements of each display pixel. These R, G, B elements of a 
display pixel are sometimes also referred to as sub-pixels. 
Because the display device does not typically alloW overlap 
ping color elements, the sub-pixels can only take on one of the 
three R, G, or B colors. The color’s amplitude, hoWever, can 
be varied throughout the entire grey scale range (e.g., 0-255). 
Accordingly, a rendering that maps image pixels to display 
sub-pixels is performed. 

Referring to FIG. 1A, there exists a number of variety of 
different sub-pixel con?gurations. In general, the sub-pixel 
combinations can be grouped as RGB striped, RGBW 
striped, multi-primary, or repeating tWo-dimensional pat 
terns. For each sub-pixel con?guration the associated “dis 
play” is shoWn as a 4x4 array of sub-pixels immediately 
beloW in FIG. 1B. 

Active matrix liquid crystal display panels achieve their 
images, in part, because of the individual transistor and 
capacitor placed at each sub-pixel. The transistor and capaci 
tor latch the data to the pixel electrode that controls the 
amount of backlight that passes through a given sub-pixel. 
Occasionally, one or more transistors Will malfunction, 
resulting in one or more defective sub-pixels. There are at 
least tWo Ways a transistor can fail. One failure mode, a 
permanently open circuited transistor, results in an alWays -off 
or alWays-on sub-pixel. Another mode of failure, a perma 
nently short circuited transistor, results in a sub-pixel Whose 
brightness value varies over time but in a Way not directly tied 
to the image data to Which it should be associated. Also, the 
sub-pixels may be stuck at an intermediate constant value or 
may vary in some manner based upon the state of the display, 
such as the data currently in the frame buffer. 

AlWays-on sub-pixels appear as randomly placed red, blue, 
and/or green elements on an all-black background. AlWays 
off sub-pixels appear as black or colored dots on all-White or 
colored backgrounds. The probability of alWays-on and 
alWays-off sub-pixel defects depends on the LCD process. In 
the most general case, a defective sub-pixel is a sub-pixel 
Whose output light value can not be controlled. 

By Way of example, the data in the frame buffer may vary 
the pixel value When the roW driver connection to the defec 
tive sub-pixel is damaged such that the sub-pixel is alWays 
“enabled.” In this case, as the scan lines are Written to the 
column drivers, the signal to the faulty sub-pixels Will ?uc 
tuate according to the instantaneous values in the column 
buffer for that column. The sloW temporal response Will tend 
to make the output of the defective sub -pixel a constant for the 
duration of (at least) a frame period. That constant is approxi 
mately given by 
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Where pl. is the signal input to the ith sub-pixel in the column 
containing the defective sub-pixel, N is the number of display 
lines, and f accounts for the temporal response of the sub 
pixel and the transfer function betWeen signal and light out 
put. This value Will generally be different from the desired 
output Were the sub-pixel operating properly. 

Referring to FIG. 2, an example of ?ve 4><4 displays is 
illustrated With the alWays-off defective sub-pixels. It is 
shoWn that the defective sub-pixels are illustrated as black 
regions. In some cases, such as the right-hand con?guration 
shoWn in FIG. 2, a White sub-pixel may be used to enhance the 
luminance of the display, Without altering the color gamut. 
Referring to FIGS. 3A and 3B, the White sub-pixel may be 
used to correct for defects. As illustrated, the de-saturated 
portion of the pixel in FIG. 3A is transferred to the White 
sub-pixel in FIG. 3B. HoWever, the same White sub-pixel, 
along With the additional “headroom” in the primary color 
pixels can be used to hide some defects in a given RGBW 
quadruple. 
The foregoing and other objectives, features, and advan 

tages of the invention Will be more readily understood upon 
consideration of the folloWing detailed description of the 
invention, taken in conjunction With the accompanying draW 
1ngs. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

FIG. 1A illustrates some sub-pixel con?gurations. 
FIG. 1B illustrates 4><4 portions of displays. 
FIG. 2 illustrates ?ve 4><4 displays With sub-pixel con?gu 

rations With defective sub-pixels. 
FIG. 3A illustrates a RGB pixel. 
FIG. 3B illustrates the pixel of FIG. 3A incorporating a 

White sub-pixel. 
FIG. 4 illustrates a scan line of incoming image pixels. 
FIG. 5 illustrates the formation of the perceptual error 

function 6. 

FIG. 6 illustrates constraints for l-dimensional striped pat 
tern. 

FIG. 7 illustrates general vector valued ?ltering of a vector 
valued signal 

FIG. 8 illustrates constraints for a 2-dimensional pattern. 
FIG. 9 illustrates a pentile pattern. 
FIG. 10 illustrates tWo-dimensional ?lters. 
FIG. 11 illustrates linear shift-varying convolution. 
FIG. 12 illustrates shift-invariant optimal rendering ?lters. 
FIG. 13 illustrates collection of shift-varying ?lter kernels. 
FIG. 14 illustrates luminance and chrominance CSFs. 
FIG. 15 illustrates the effect of shift varying rendering 

?lters. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENT 

Embodiments may be described With reference to “RGB” 
images or domains, or “additive color domains”, or “additive 
color images.” These terms refer to any form of multiple 
component image domain With integrated luminance and 
chrominance information, including, but not limited to, RGB 
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domains. Embodiments may also be described with reference 
to “YCbCr” images or domains, “opponent color” domains, 
images or channels, or “color difference” domains or images. 
These terms refer to any form of multiple component image 
domain with channels which comprise distinct luminance 
channels and chrominance channels including, but not lim 
ited to,YCbCr, LAB,YUV, andYIQ domains. Color domains 
where one or more channels have an enhanced luminance 

component with respect to the other channels may likewise be 
used. One potential measure of such enhancements is if a 
channel has >60%, >70%, >80%, >90%, or >95% of the 
luminance. In addition, the enhanced luminance color 
domain may be as a result of implicit processing in another 
color domain as opposed to a traditional color transformation 
from one color space to another. 

The system is generally described with respect to non 
overlapping pixels, or otherwise spatially discrete color sub 
pixels (e.g., color mosaic or matrix displays). However, the 
embodiments described herein may likewise be used with 
colors that are overlapping to a greater or lesser degree. More 
over, the images may be displayed using different sizes of 
pixels and/or any different colors of sub-pixels. In addition, 
while some of the preferred embodiments are described with 
respect to rectangular pixels and sub-pixels, other shapes of 
pixels and sub-pixels may likewise be used. Also, any par 
ticular pixel may be formed by a plurality of sub-pixels in any 
arrangement, some of which may be duplicated. Moreover, 
the display may include any structure of different colored 
sub-regions. 
The preferred technique for defect hiding is based upon a 

constrained optimal rendering framework described below. 
An unconstrained technique suitable for optimal rendering 
?lter design on a striped display is ?rst discussed followed by 
a constrained technique for optimal rendering ?lter design on 
arbitrary display geometries. An unconstrained optimization 
may be based upon a desire to minimize a perceptually rel 
evant error, 6(a), between a scan line of color co-sited image 
samples, x, sampled at the sub-pixel locations of the target 
display, and the corresponding ?at panel display scan line of 
R, G, and B sub-pixels, 0t. FIG. 4 depicts x and 0t where the 
sub-pixel location along the scan line is indexed by n. 
Each x” is a vector valued quantity that represents the RGB 

value of the incoming image pixel at position n. Scalar valued 
display sub-pixels are denoted by 0t”. The RGB striped dis 
play geometry dictates that an alternatively represents a red, 
green, or blue sub-pixel as a function of n mod 3. 

The error 6(a) to be minimized with respect to 0t is con 
structed by ?rst forming the spatial error signal: 

where C is a 3 x3 color transformation matrix that maps x” into 
a perceptually relevant opponent color space, and where 
M :3Cn mod 3, C” being the nth column of C. The error signal 
E is then transformed to the Fourier domain and the opponent 
color components of the transformed signal are perceptually 
weighted. Finally 6(a) is formed as the sum of the 12 norms of 
the weighted Fourier color components. Thus 6 is a weighted 
quadratic function of the Fourier transform of {En} and hence 
possesses a unique minimum. 

The optimal solution, g, satis?es Ve@:0. That is, g is the 
scan line of sub-pixel values that minimizes 6(a). The qua 
dratic form of 6 implies that the gradient may be written as an 
af?ne system V€:A(X—I‘. Furthermore, the structure of A 
allows one to extract, from the solution to this equation, 
rendering ?lter kernels which, when convolved in the proper 
way with the incoming scan line, yields g. 
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4 
It may be observed that this rendering ?lter design is an 

unconstrained optimization procedure. No explicit math 
ematical constraints were imposed during the optimization 
technique described above. There are, to be sure, implicit 
constraints in the formation of 6, namely those inherent in the 
de?nition of 0t. The color of a particular an may be one 
component color of the input color space, typically not a 
vector combination of primaries. Furthermore, the sequence 
of colors that an encodes is determined implicitly by M”. In 
other words, the sub-pixel geometry of the RGB striped dis 
play is implicitly assumed by a color vector, Mnotn, that varies 
cyclically (modulo 3) with the position of the rendered sub 
pixel. 
One may further observe that a different sub-pixel geom 

etry, perhaps containing additional primaries, may require a 
re-de?nition of En as well as a re-working of the solution to 
Ve(0t):0. This framework may be extended to general two 
dimensional multi-primary sub -pixel geometries by recasting 
the problem as a constrained optimization. Doing this de 
couples the de?nition of the sub-pixel geometry could be 
de-coupled from the formation of 6. 

Using constrained optimization images may be optimally 
rendered on a wide variety of regularly tessellated color 
matrix displays. De-coupling the sub-pixel geometry from 
the de?nition of 6 may be done by formulating a constrained 
optimization of the form: 

where the Gl- are constraint functions determined by the sub 
pixel geometry, the 7»,- are associated Lagrange multipliers, 
and where e is a weighted quadratic function of the two 
dimensional transform {Em} similar to that described above. 
Em” may be de?ned as 

where C is the color transformation matrix previously 
described, xmn is the sampled scene, and in,” is an uncon 
strained full-color display sample at the sub-pixel indexed by 
(m,n). Before the constraints are imposed, an assumption is 
that each of the ‘sub-pixels’ of the target display have full 
color capability. To simplify the analysis one may also 
assume that the scene is sampled on the same lattice as x. 

The steps to the formation of the perceptual error function, 
e(x), are shown in FIG. 5 whereYUV opponent color space is 
used merely as an example. The actual color transformation, 
C, depends on the primaries of the display to be visually 
optimized. The perceptual weight functions used in the for 
mation of e are preferably models of the luminance and 
chrominance spatial contrast sensitivity functions of the 
human visual systems. 

Before constraints are imposed one may assume that “sub 
pixels” of the target display have full-color capability. The 
constraint functions, Gi, control the behavior of each sub 
pixel in the display. For example, to make a green sub-pixel at 
display lattice location (m,n), one de?nes two linear con 
straint functions: 

(3) Gil (a) = i3... G2 (a) = if... 
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Where in; is the cm color component of gm”. Equation 3 
states that the 0”’ (red) and 2'” (blue) components of xmn Will 
be forced to Zero When equation 2 is applied. In other Words, 
starting With a sub-pixel having a potential of red, green, and 
blue colors the constraints limit the sub-pixel to a single color 
component, namely, green. 

The quadratic form of 6 implies that the ?rst term in equa 
tion 1 is linear: Ve:Ax—r. Thus equations 1 and 2 may take the 
form 

Where G' is the (Jacobean) derivative of G, and thus G'T has 
VGZ- as its ith column. In general, this system is non-linear due 
to G and G'. But constraint functions of the type used to de?ne 
sub-pixel geometries are linear so G(x) reduces to Gx and G'( 
x) is independent of x. Therefore equation 4 can be reWritten 
as an augmented linear system as folloWs: 

A G” x r 

[a 0 Al _ lol 

The operators A, G' and G depend only on the display and 
not on the scene data. Only r is a function of the scene data. 
Furthermore, the simplicity of the constraint functions makes 
G' and G sparse, reducing the complexity of numerical solu 
tion. Also, as in the unconstrained case, the structure of A 
alloWs the extraction of convolutional, shift-invariant, render 
ing ?lters Which operate on the scene and yield the optimal x. 
This is a consequence of the periodic nature of the applied 
constraintsithey are the same from macro-pixel to macro 
pixel. 

The constraints applied to one dimensional striped geom 
etry is illustrated in FIG. 6. FIG. 6 illustrates part of one scan 
line of the sampled scene, x, and, immediately beloW, the 
corresponding full color display sub-pixels, x. Sub-pixel 
location along the scan line is indexed by n. Before con 
straints are imposed there are a total of nine degrees of free 
dom, namely, each of the colors at each position of the uncon 
strained macro-pixel. When no constraints are imposed the 
optimal solution occurs When the full color display sub-pixels 
are a straight copy of the scene values since the resulting error 
Would be zero. 

In a panel the color range of each sub-pixel is limited to its 
particular color hue. One may insure this condition by impos 
ing tWo constraints at each of the three sub-pixel sites that 
must be Zero in order for the macro -pixel to behave properly. 
The Zero valued sub-pixels are represented by the holloW 
rectangles. The six constraint functions for this macro-pixel 
are 

(5) 

a, (a) = 562.2 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
This leaves three degrees of freedomithe three actual sub 
pixel intensities to be adjusted by the optimiZation procedure. 
When the optimiZation is performed on an interval of con 
strained macro-pixels Within a scan line, the system of equa 
tion 5 can be solved and shift-invariant rendering ?lters 
extracted. 
The extracted ?lter kernels for the previous example form 

an array, or matrix, of one dimensional scalar valued resam 
pling ?lters, as illustrated in FIG. 7. The matrix nature of the 
rendering ?lter is due to the error measure having been 
de?ned in a color space different from the input and output 
color space. The value of each output sub-pixel Will, in gen 
eral, be a function of all input color components. FIG. 7 
suggests hoW the ?lter operates on the scene data. To the right 
of the matrix are the three RGB color components of the 
incoming scene. The ?lters Within the matrix are combined 
With scene data in a manner suggestive of matrix multiplica 
tion except multiplication is replaced by convolution. So, for 
example, the ?lters in the ?rst roW are convolved With the 
incoming color signals and the intermediate signals are added 
to form the red component (labeled R' in the ?gure) sent to the 
display. 

Equation 6 expresses FIG. 7 in a more formal manner. The 
subscripts of the entries of the matrix ?lter indicate the input 
signal on the left of the arroW and the output signal on the right 
of the arroW. For example hga, is the ?lter Whose input is the 
green component (xg) of the scene on the scan line being 
processed, and Whose output is the red 

The matrix multiplication may be interpreted as sub stitut 
ing for the multiplications of the inner products the convolu 
tion () operator for the usual scalar multiplications. Hence, 
for example, 

One may observe from equation 6 that the sum of three 
individual convolutions are used to compute each component 
of the vector valued (r, g, b) output signal x from the vector 
valued (r, g, b) input signal x. 

The constraints applied to an example tWo dimensional 
geometry is illustrated in FIG. 8. The target macro-pixel 
contains tWo independent red sub-pixels, tWo independent 
green sub-pixels, and a single blue sub-pixel made from tWo 
blue segments that are electrically tied together, as illustrated 
in FIG. 8. On the left are samples of the full color co-sited 
scene, x. Next is the corresponding macro-pixel from the 
unconstrained display, x, With sub-pixel in,” in the upper left 
corner of the macro-pixel. Constraints are applied in stages 
for the purpose of illustration. First, four red constraints are 
applied: 
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Next, four green constraints, Gis, . . . , Gig, are applied in a like 
manner, then four blue constraints, Gig, . . . Gin. A ?nal blue 
constraint, 

is applied to force the remaining blue elements of the macro 
pixel to function as a single sub-pixel. Prior to applying 
constraints, there are 18 degrees of freedom. Applying the 13 
constraints results in a macro-pixel With 5 degrees of freedom 
that the technique can adjust to minimiZe perceptual error. 

The constraints applied to another tWo dimensional geom 
etry is illustrated in FIG. 9. The sub-pixels do not lie on a 
rectangular lattice so to facilitate the setup one may ?rst 
modify the macro-pixel pattern to that shoWn on the right in 
FIG. 9. The grey patches represent unconstrained sub-pixel 
positions. The central blue sub-pixel has been removed and its 
contribution is distributed equally among the four patches via 
constrains. 

Seven constraints on the gm,” yield the desired macro -pixel 
pattern. The last three constraints force the four blue elements 
to act as a single blue sub-pixel Within the macro-pixel. 

(7) Gil (a) = ii... 

G2 (a) = 563M 

~ ~1 

@406) = X 

This has ?ve degrees of freedom, i.e., ?ve independently 
adjustable sub-pixel values, remain after applying these con 
straints. The value of each sub-pixel is again determined by 
all three input color components, so that a total of 15 ?lter 
kernels Will be extracted from the solution of equation 5. 

The matrix of the ?lters for this geometry are shoWn in FIG. 
10. For this example, there is shoWn the complete array of 36 
tWo dimensional ?lters, including the 12 Zero ?lters and the 
duplicate blue output ?lters. They are grouped into 4 sub 
arrays of nine ?lters. Each sub-array corresponds to the col 
lection of ?lters that Will handle one (RGB) sub-pixel of the 
pattern. For example, the ?lter in the second roW of the ?rst 
column of the upper left sub-array determines the green input 
channel’s contribution to the upper left red sub-pixel. It may 
be observed that all ?lters in, for example, the second column 
of this sub-array vanish. This corresponds to the fact that the 
green sub-pixel in the upper left position is constrained to be 
zero. It is also observed that the third (last) column of ?lters of 
each sub-array are the same since all blue sub-pixels are 
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8 
constrained to be equal. The number of distinct ?lters in the 
entire matrix is 15 Which corresponds to the ?ve available 
degrees of freedom and the three dimensional input color 
space. 

This general constrained optimiZation framework may be 
used to mask defective sub-pixels in a visually optimal man 
ner. There are several types of defects, as previously noted. 
Examples of some potential geometries are illustrated in FIG. 
2A and the corresponding 4><4 display in FIG. 2B. Such 
defective sub-pixels may result from defective temporal gray 
level modulation circuitry in a plasma display or a manufac 
turing ?aW introduced into the diode substrate of an element 
in an OLED panel or the TFT of a LCD panel. 
The general frameWork provides that the sub -pixel defects 

can be incorporated into the frameWork by the addition of 
defect constraints similar in form to those that de?ne the 
geometry itself. For example, the three alWays-off defects in 
the 2'” panel from the left in FIG. 2A can be represented by 
three constraint functions listed in raster scan order, 

Gil (a) = 5&4 

G2 (a) = 562,2 

Ci, (5:) = 5638 

in addition to the geometry constraints already discussed. The 
subscripts on x are the (roW, column) coordinates of the defect 
relative to an origin in the upper left comer. Similarly, the 
green alWays-on defect in the third panel from the left can be 
described by an af?ne constraint function, 

6;, (a) = 1 - 56.1w. 

Where the intensity range of a sub-pixel is assumed to be [0.1]. 
The system of rendering ?lters that result are noW shift 

varying, in contrast to those used for defect free rendering. 
The convolution of a signal With a FIR ?lter is usually repre 
sented algebraically by an expression like 

Where Nl 2N2 are integers, x and x are, respectively, the input 
and output signals, and h is the ?lter kernel of length 
N2—N1+lWith discrete support on the set {ND N+l, . . . , N2}. 
The tWo summations are equivalent but the second one is 

suggestive of the usual graphical interpretation of convolu 
tion as a ?xed input signal, x(k), over Which slides (from left 
to right) a reversed, shift-invariant, ?lter kernel, h(n—k). At 
each potion of the kernel, the ?lter coef?cients are multiplied 
by the signal and the products are added to give the output 
value, x(n). 
A shift-varying ?lter is one Whose kernel changes as it 

shifts along the input data, as illustrated in FIG. 11. Such 
?lters are not only a function of sample index but of shift 
position. That is they are a function of tWo independent vari 
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ables, formally denoted by h(n,k). From FIG. 11, it may be 
observed that the second variable indexes the shift position 
and the ?rst selects the particular ?lter kernel in the family of 
kernels h(—,k). 
An outcome of introducing defect constraints into the ren 

dering ?lter design process is that the ?lters, Which are nor 
mally shift invariant on panels With no defects, become shift 
varying When one or more defect constrains are introduced. 
This is a consequence of the defects not being regularly 
tessellated on the display as in the sub-pixel pattern of the 
macro-pixels. 

The plots of FIG. 12 shoW an example of optimal rendering 
?lters for the blue color plane of a one-dimensional striped 
display that is Without defects. The three graphs correspond to 
three of the nine scalar ?lters in the matrix rendering ?lter of 
equation 6. ShoWn from bottom is top in the ?gure to the 
bottom roW, [hral?hgal?hbab], of ?lters in the matrix that 
render the blue colorplane. The three shift-invariant ?lters are 
shoWn at one position along a scan line (center tap over 
sub-pixel number 18) as they are convolved With their respec 
tive input data. As these ?lters participate in the rendering 
operation, their shape remains ?xed so one need only shoW 
them for one position along a scan line. 

On the other hand, When rendering onto a panel With blue 
sub-pixel defect at sub-pixel number 18, the shapes of these 
?lters vary considerably in the vicinity of the defective sub 
pixel, as shoWn for the different positions of the ?lter kernels 
shoWn in FIG. 13. 

It is noteWorthy that the kernel Who se position corresponds 
to shift position 18 is identically zero. This is expected 
because the technique has set the blue output to zero at this 
point. Another observation is that as the defect masking ?lters 
move aWay from the defect, they converge to the shape of the 
invariant rendering ?lters. The implication is that the render 
ing ?lters and the masking ?lters can be combined to operate 
in a seamless Way along the scan line Without any ‘boundary 
transition’ artifacts. 

The shift varying nature of the defect masking ?lters gives 
them a certain intelligence as they render the sub-pixels in the 
vicinity of a defect so as to mask its visibility from the vieWer 
Who is looking at the panel from a normal vieWing distance. 
This intelligence derives from the fact that the Weighting 
functions used in the rendering ?lter design process are pref 
erably based on the CSFs of the human visual system and 
therefore have contained Within them the relative sensitivity 
of the HVS to grey scale and color detail. This is shoWn by the 
theoretical luminance and chrominance CSF curves plotted in 
FIG. 14. 

The behavior of the rendering ?lters is depicted in FIG. 15. 
In masking the effects of a defect on luminance and color, the 
sub -pixels that are nearest the defect are automatically used to 
compensate for the luminance error because, otherWise, the 
vieWer Would see the masking as an artifact. On the other 
hand, the vieWer’s relative insensitivity to color detail alloWs 
the rendering ?lters to modulate the color of the sub-pixels 
further aWay from the defect to compensate for the color error 
introduced jointly from the defect and from the effect of the 
luminance compensation. 

The terms and expressions Which have been employed in 
the foregoing speci?cation are used therein as terms of 
description and not of limitation, and there is no intention, in 
the use of such terms and expressions, of excluding equiva 
lents of the features shoWn and described or portions thereof, 
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10 
it being recognized that the scope of the invention is de?ned 
and limited only by the claims Which folloW. 
We claim: 
1. A method of adjusting an image to be displayed on a 

display having at least one defective sub-pixel: 
(a) receiving an image; 
(b) modifying said image With at least one ?lter that imple 

ments an optimization of a function comprising: 
(i) an error function of the L2 norms of the Weighted 

Fourier color components of a transformed image 
signal; and 

(ii) at least one constraint not implicit in the expression 
of the function that said at least one ?lter optimizes; 

Where said at least one ?lter reduces a perceptually relevant 
metric to reduce the appearance of said at least one defective 
sub-pixel; and 

(c) displaying said image on said display. 
2. The method of claim 1 Wherein said at least one con 

straint is dependent on a sub-pixel geometry of said display. 
3. The method of claim 1 Wherein said function optimized 

by at least one ?lter is an equality betWeen the gradient of said 
error function of said L2 norms, and the sum of Weighted 
gradients of respective ones of said at least one constraint. 

4. The method of claim 3 Wherein said ?lter is based upon 
an array of one-dimensional re-sampling ?lters. 

5. The method of claim 1 Wherein said metric models the 
contrast sensitivity function of the human visual system’s 
luminance response. 

6. The method of claim 1 Wherein said metric models the 
luminance sensitivity function of the human visual system’s 
chrominance response. 

7. The method of claim 3 Wherein said gradients are each 
Weighted by a Lagrange multiplier. 

8. The method of claim 1 Wherein said optimization is 
based upon Lagrange constraints. 

9. The method of claim 1 Wherein said optimization is 
based upon a transform into an enhanced color space. 

10. The method of claim 1 Wherein said error function is a 
perceptual error function. 

11. The method of claim 10 Wherein said optimization is 
based upon at least one perceptual Weight function. 

12. The method of claim 11 Wherein said optimization is 
based upon a plurality of perceptual Weight functions. 

13. A method of adjusting an image to be displayed on a 
display having at least one defective sub-pixel: 

(a) receiving an image; 
(b) modifying said image to reduce the appearance of said 

at least one defective sub-pixel, Wherein said display has 
a tWo dimensional sub-pixel pattern that has a ?rst pat 
tern of different colored sub-pixels in the horizontal 
direction and a second pattern of different colored sub 
pixels in the vertical direction, different from said ?rst 
pattern, and Where said step of modifying is based at 
least in part on the difference betWeen said ?rst pattern 
and said second pattern, said modi?cation based upon an 
optimization Which reduces a perceptually relevant met 
ric, said optimization being of a function comprising: 
(i) an error function of the L2 norms of the Weighted 

Fourier color components of a transformed image 
signal; and 

(ii) at least one constraint not implicit in the expression 
of the function optimized; and 

(c) displaying said image on said display. 

* * * * * 


